). Its 100-seed weight was 21 g. Codington is a conventional, high-yield, high-quality (relatively higher protein and oil concentration as well as good visual seed quality), MG 0 cultivar with large seeds, and thus it is particularly suitable for soy food production in South Dakota and similar regions.
G.-L. Jiang, R.A. Scott, M. Green, X. Wang, S. Bhusal, J. Zhang, and N. Hall, Plant Science Dep., South Dakota State Univ., Brookings, SD 57007; R.A. Scott, current address: USDA-ARS, Crop Production and Protection, GWCC-BLTSVL, 5601 Sunnyside Ave., Beltsville, MD 20705-5139. C onventional cultivars are still required for soy food production, organic farming, and some specific markets (e.g., Asian markets), although the Roundup Ready (Monsanto) cultivars have been the predominant types grown in the U.S. soybean production. High yield, good seed quality, and high protein and oil contents are important objectives of soybean breeding for soy food production. South Dakota (42°29¢N to 45°56¢N) is located on the western fringe of the U.S. soybean belt, and its average soybean yield is generally lower than the neighboring states Nebraska, Iowa, and Minnesota (American Soybean Association, 2012) . Therefore, development and release of cultivars with high yield potential, good seed quality, and improved protein and oil concentration is a goal of soybean breeding in the state and similar regions. Soybean [Glycine max (L.) Merr.] 'Codington' (Reg. No. CV-511, PI 667736) is a conventional maturity group (MG) 0 cultivar that was developed at South Dakota State University (SDSU), Brookings, SD. It originated from a cross of 'Surge' (PI 599300) × A96-591033, tested as SD04CV-611, and released by South Dakota Agricultural Experimental Station in April 2013. It was named after the name of Codington County, according to the nomenclature of soybean cultivars in South Dakota. The segregating population derived from the cross made in 1999 was advanced from F 2 to F 4 by a modified single-seed descent method (singlepod descent) (Fehr, 1991) . The derived progenies of selected F 4 single plants were planted in preliminary yield trials (PYT) and advanced yield trials (AYT) within the SDSU soybean breeding program at multiple locations in South Dakota. SD04CV-611 was entered in the USDA Northern Regional Uniform Soybean Tests (UT) and South Dakota Crop Performance Tests (CPT) from 2007 through 2012. Codington was released because of its high yield, large seeds with relatively high protein and oil concentration, good adaptability, and good suitability for soy food production in the northern early maturity regions.
Materials and Methods

Parental Selection and Pedigree Information
Codington was originally derived from the cross of Surge × A96-591033. Surge, a MG 0 cultivar derived from a cross between A86-204022 and 'Kato' (Orf et al., 1991) , was developed and released jointly by South Dakota State University and University of Minnesota (Scott and Orf, 1998) . A86-204022 was a breeding line developed by Iowa State University from the cross between 'Hack' (Nickell et al., 1985) and 'Zane' (Walker et al., 1986) , and Kato was developed by the Minnesota Agricultural Experiment Station from the cross M70-127 × 'Century' (Orf et al., 1991; Wilcox et al., 1980) . Surge was used as a parent because of its superior performance in yield and good seed quality. A96-591033 was a breeding line developed by Iowa State University from a cross between 'IA3003' (Committee for Agricultural Development, 2005) and 'Pioneer 9273'.
Population and Line Development
The cross Surge × A96-591033 was made in the field on the SDSU Agricultural Research Farm at Aurora, SD, in summer 1999. The F 1 plants were grown at Aurora, SD, in 2000 and the F 2 generation was grown in the following year. The segregating population was advanced by a single-pod descent method (Fehr, 1991) 
Evaluation of Yield and Other Traits
In 2005 and 2006, Codington was evaluated in the PYT and AYT, respectively. Both the PYT and AYT tests were conducted in a randomized complete block design (RCBD) at two locations, Aurora and Watertown, SD. For the PYT, two-row plots and two replications were adopted, while for the AYT, four-row plots and four replications were used. The plots were 4.42 m long with 0.76-m row-spacing and were seeded at a regular seeding rate as used in production. Plant height and maturity were observed. Plots were also evaluated for obvious symptoms of diseases and/or the presence of pests. After full maturity (R8), the whole two-row plots for the PYT and the central two rows for the AYT were harvested. The yield data were converted to kilograms per hectare at 13% seed moisture. Protein and oil contents were determined using a DA7200 NIR analyzer (Perten Instruments) and presented as grams per kilogram at 13% seed moisture.
Codington was further evaluated for a total of 36 yearlocations, including the USDA Northern Regional Uniform Soybean Preliminary Tests (UPT) in 2007 (6 locations) and UT in 2008 to 2010 (24 year-locations) (Abney and Crochet, 2007 , 2009 Crochet, 2010) , and the South Dakota CPT in 2010 to 2012 (6 year-locations) Kirby, 2010, 2011) . For the CPT, four-row plots with a 6.1 m length and 0.76 m row-spacing and three replications were planted at 40 seeds m -1 in a RCBD at all environments Kirby, 2010, 2011) . For the UPT and UT, the plot techniques (length, spacing, and number of rows) varied among the test participants or locations, but they were all multiple-row plots that were generally at least 4 m long and planted at a regular seeding rate and in a RCBD with two to four replications (Abney and Crochet, 2007 , 2009 Crochet, 2010) . Seed yield, protein content, and oil content were determined and presented on the basis of 13% seed moisture (Abney and Crochet, 2009) . Maturity (days to maturity after planting) and lodging (1-5 scale) were recorded. For the regional UPT and UT, plant height (cm), seed size (g 100-seed -1 ), and seed quality (1-5 scale) were also determined according to the instruction of the USDA Northern Regional UT (Abney and Crochet, 2009 ). In addition, iron deficiency chlorosis (1-5 scale), green stem (1-5 scale), and shattering (1-5 scale) were scored in particularly assigned locations where the assessment could be performed, and evaluation of resistance to Phytophthora sojae was performed by Purdue University in Lafayette, IN. The protocols of assessments and ratings were outlined in the reports of the USDA Northern Regional UT Crochet, 2008, 2009; Crochet, 2010 
Statistical Analysis
Seed yield data from the PYT and AYT (data not shown, but used for selection of the entries for the UPT and CPT) were statistically analyzed in AgroBase II (Agronomix Software, 2009) . The data of yield and other quantitative traits from the UPT, UT, and CPT were analyzed using SAS software (SAS Institute, 2011) in a RCBD. Within any individual environment (year-location), replications were considered random effects and cultivars and/or lines fixed effects. Because most breeding lines were not included in multiple years of testing, comparison of Codington was made only to check cultivars and promising lines that were repeatedly included Crochet, 2008, 2009; Crochet, 2010) . Thus, multiple-year analysis was performed based on a subset of the original data. Entries or genotypes (cultivars and lines) were treated as fixed effects and environments (years and locations) as random effects. Because raw data for plots were not available, entry means from each year-location were used for comparison across environments. Locations with a CV greater than 15% were excluded from the overall yield means (Abney and Crochet, 2008; Crochet, 2010) . Analysis of variance was performed with Type I error a = 0.05. Least significant difference was used in comparison when the overall genotypic effect was significant at P < 0.05 in F-test.
Seed Purification and Increase
To produce breeder seed, 50 phenotypically uniform plantrows (F 11 ) were separately harvested in 2010 and then bulked, according to morphological characteristics as well as seed color and hilum color. Off-type plants were checked and removed in the field depending on their flower color, pubescence color, pod color, plant height, and maturity, and in the seed house off-type seeds were checked and discarded depending on seed color and hilum color. The breeder seed was further increased in 2011. The foundation seed was produced by SDSU Foundation Seed Stocks Division in 2012.
Characteristics Agronomic and Botanical Description
Codington is a late maturity group 0 cultivar, relative maturity 1.0, and matured about 2 d later than Surge (relative maturity 0.9) and 5 d earlier than 'MN1410' (relative maturity 1.4) in most cases (Tables 1, 2, and 3) . Codington has purple flowers, tawny pubescence, brown pod color, dull seed coat luster, yellow seed coat color, black hila, and indeterminate growth habit (Table 4) . Average lodging scores of Codington were 1.3 to 1.6, similar to Surge (Tables 1, 2, and 3) . In the regional UPT and UT, Codington's plant height averaged 82.0 cm, about 3 cm taller than Surge and about 7 cm shorter than MN1410 (Tables 1 and 2 ). Codington had a slightly higher average rating of green stem than did check cultivars (Table 4) . On average, the shattering rating of Codington was 1.7, similar to 'Sheyenne' (Helms et al., 2008) and MN1410.
Yield Performance
In the regional UPT conducted in 2007, Codington yielded 3414.1 kg ha -1 on average, ranked 6th among all 34 entries (data not shown) (Abney and Crochet, 2007) , 5.4% higher than the MG 0 check cultivar Surge but 5.6% lower than the MG I check cultivar MN1410 (insignificant, P > 0.05) ( Table 1) . Over 24 environments in the Northern Regional UT 2008 to 2010, the average yield of Codington was 3776.0 kg ha -1 , 1.3% higher than Surge and 2.9% higher than Sheyenne (P > 0.05), respectively (Table 2) , although it yielded 4.7% less than the MG I check cultivar MN1410 (P < 0.05). The CV in yield over 24 environments for Codington was 32.1%, similar to that for Surge and MN1410 but smaller than Sheyenne, indicating that Codington also had a relatively good stability in yield performance, in addition to a higher high yield potential. In the South Dakota CPT 2010 to 2012 (6 environments), Codington yielded 3157.4 kg ha -1 , 3.0% lower than Surge and 2.1% lower than the early MG I cultivar Deuel, but the differences were not statistically significant (P > 0.05) ( Table 3) . Over all 36 tests in the UPT, UT, and CPT, average yield of Codington was 3612.6 kg ha -1 , 1.2% higher than Surge (3568.6 kg ha -1 ).
Seed Size, Seed Composition, and Other Traits
Codington has a large seed size. The average 100-seed weight was 23.4 and 20.7 g in the regional UPT and UT (Tables 1 and  2) , respectively, 4.0 to 7.8 g higher than those of most other cultivars (P < 0.05). Its visual seed quality rating averaged 1.5 for UT and 2.1 for UPT, comparable to other cultivars (1.6-1.7 and 1.7-1.9).
Over 28 tests in the regional UPT and UT, at 13% moisture, the average seed protein concentration of Codington was 365.6 g kg -1 , comparable to Surge (364.8 g kg -1
), and 11.7 and 23.3 g kg -1 higher than MN1410 and Sheyenne (P < 0.05), respectively (Tables 1 and 2 ). Its oil concentration averaged 176.4 g kg -1 , comparable to Surge (175.9 g kg -1
) and MN1410 (179.6 g kg -1
). In the SD CPT, Codington's protein and oil contents were also comparable to Surge (Table 3 ) but higher than those of Deuel (P < 0.05), which is an early MG I cultivar (relative maturity 1.1) released by SDSU in 2009. Over all 34 tests, the averages of protein and oil contents in Codington were 363.6 and 177.1 g kg -1 , respectively, comparable to Surge (163.9 and 176.6 g kg -1
). The reports of the USDA Northern Regional UT indicated that Codington exhibited moderate tolerance to iron deficiency chlorosis (scored 2.6) and susceptibility to Phytophthora rot (races 4 and 7 of P. sojae), similar to other cultivars except for Sheyenne, which exhibited resistance to race 7 (Table 4) .
Availability
Foundation seed of Codington will be available from the SDSU Foundation Seed Stocks Division, Box 2207A, Brookings, SD 57007, USA. Limited quantities of seed may be obtained on written request for research purposes only. Seed of this release has been deposited in the National Plant Germplasm System, where it will be available for research purposes and for use as parental stock in development of new cultivars and germplasm. Crochet (2008, 2009) Application and contribution of the cultivar to scientific research and the development of a new cultivar or breeding line should be appropriately acknowledged.
